Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is highly infectious \[[@CR1], [@CR2]\]. Because anesthesiologists and other medical providers are exposed to the primary routes of transmission such as respiratory droplets and aerosols \[[@CR3], [@CR4]\], we should be up-to-date about the preoperative management of infected patients to ensure the safety of both patients and health care providers. I will briefly review case reports recently published in our journal \[[@CR5]\] as well as in others relating to coronavirus disease 2019 (COVID-19).

Several large studies have shown that old age (≥ 75 years), male sex and comorbidities such as cardiac disease, chronic kidney disease are major risk factors of hospital admission and critical condition \[[@CR6]--[@CR8]\], although the reason for the sex difference is not clear. Concerning surgery, an international, multicenter cohort study demonstrated that male sex, age 70 years or older, American Society of Anesthesiologists grades 3--5, malignant disease, emergency and major surgery are associated with high mortality rate within 30 days after surgery in patients with COVID-19 \[[@CR9]\]. Accordingly, elective surgery should be postponed, and clinical emergency should be balanced against resource availability \[[@CR10]\].

Pregnant women were particularly susceptible to respiratory pathogens and severe acute respiratory syndrome (SARS) caused by a coronavirus (SARS-CoV) \[[@CR11], [@CR12]\]. Although SARS-CoV-2 has up to 85% sequence similarity with SARS-CoV \[[@CR13]\], pregnant women with COVID-19 in recent studies had fewer adverse maternal and neonatal complications and outcomes than would be anticipated for those with previously reported SARS infection \[[@CR14]\]. Chen et al. \[[@CR15]\] retrospectively examined clinical course and intrauterine vertical transmission potential of nine pregnant women (26--40 years) with laboratory-confirmed COVID-19 pneumonia admitted to Zhongnan Hospital of Wuhan University between January 20 and 31, 2020. Primary symptoms were fever in seven patients, cough in four patients, while all were given oxygen support. All patients underwent cesarean delivery in their third trimester, although the details are not reported. Apgar scores were 8--9 and 9--10 at 1 and 5 min, respectively. None of them developed severe pneumonia postoperatively. Amniotic fluid, cord blood, neonatal throat swab and breastmilk samples from six patients were all negative for SARS-CoV-2 by reverse transcription polymerase chain reaction (RT-PCR). The authors suggested that pregnant women with COVID-19 pneumonia showed a similar pattern of clinical characteristics to non-pregnant adult patients \[[@CR3], [@CR16]\].

Previous studies also showed that mother-to-child vertical transmission of COVID-19 is unlikely in 10 neonates born to mothers with confirmed COVID-19 \[[@CR17]\], as being referred to by interim guidance \[[@CR18]\]. However, Dong et al. \[[@CR19]\] reported that the levels of SARS-CoV-2 IgG, IgM, cytokines as well as a white blood cell count were elevated in an infant 2 h after cesarean delivery from a mother with COVID-19 infection. Despite the negative results from repeated RT-PCR tests taken from 2 h to 16 days of age, the possibility of intrauterine transmission cannot be eliminated.

Wang et al. \[[@CR20]\] reported a case of neonate COVID-19. A 34-year-old pregnant woman presented to a hospital in Wuhan for fever. Based on a suspicious diagnosis of COVID-19 pneumonia according to the blood test data and typical computed tomography (CT) findings, emergency cesarean delivery was performed uneventfully. Her pharyngeal swab sampled for SARS-CoV-2 reported as positive after surgery. The result of pharyngeal swab collected 36 h after delivery from the infant was also positive for SARS-CoV-2, while a complete set of pediatric virus results was all negative. Combined with lymphopenia and deranged liver function, the diagnosis of COVID-19 was made for the newborn. Although cord blood, placental specimens obtained during surgery and breast milk sample were negative for SARS-CoV-2, the possibility of vertical intrauterine transmission of SARS-CoV-2 cannot be ruled out. Based on this experience, the authors emphasized the importance to keep all of the specimens of SARS-CoV-2-infected and suspected pregnant women and their newborns, including pharyngeal swabs, peripheral blood, placental tissue after delivery, amniotic fluid, cord blood, newborn pharyngeal swabs, and breast milk, for in-depth study and continuous follow-up observation.

Without detailed statistics, 35 cases with confirmed COVID-19 underwent emergency cesarean delivery in Wuhan Union Hospital from January 23 to February 20, 2020. Xia et al. \[[@CR21]\] reported emergency cesarean delivery of a 27-year-old woman at 36 weeks and 5 days of gestation with COVID-19 pneumonia. After hospitalization for fever, her respiratory condition worsened as oxygen saturation was 92--93% in ambient air, and fetal movement was reduced 4 days later. Preoperative thoracic CT scan indicated the typical manifestations of COVID-19 including multiple patchy lung consolidation bilaterally and ground-glasslike opacities around the border and the subpleural distribution. The SARS-CoV-2 test was positive by RT-PCR. She underwent emergency cesarean delivery under spinal anesthesia with epidural intubing in an operating room where third-level measures of medical protection were implemented. Although cough and tachycardia interfered with surgery, a healthy infant weighing 3,100 g was delivered, with Apgar scores of 9--10 at 1 and 5 min. The results of nucleic acid test for SARS-CoV-2 were negative in oropharyngeal swabs of the mother and newborn on the third day after surgery.

Chen et al. \[[@CR22]\] reported a 27-year-old pregnant woman at 36 weeks of gestation who was admitted to the Renmin Hospital of Wuhan University with fever, dry cough and fatigue. Results of her RT-PCR test for SARS-CoV-19 were positive. Because the findings of CT scan rapidly deteriorated within 2 days, she underwent elective cesarean delivery without complications, although the details of anesthesia were unknown. The RT-PCR for SARS-CoV-19 was negative in the neonate.

The same authors reported a case series of 17 parturients with COVID-19, including two doctors who had been in contact with affected patients, undergoing cesarean delivery from January 30 to February 23, 2020 \[[@CR23]\]. All these patients were in a stable condition during pregnancy. Although thoracic CT demonstrated typical COVID-19 findings in all parturients, nine of them did not have common symptoms such as fever and cough. Five had lymphopenia, seven had elevated C-reactive protein level, but no abnormalities in alanine aminotransferase, aspartate aminotransferase, blood urea nitrogen and creatinine preoperatively.

They received either continuous epidural (*n* = 14) or general (*n* = 3) anesthesia with routine monitoring. General anesthesia was performed only in emergency cases. It was induced with rapid inhalation induction with 8% sevoflurane in 100% oxygen while cricoid pressure was continuously applied, followed by administration of lidocaine, remifentanil and succinylcholine for tracheal intubation. Sevoflurane was switched to propofol after delivery. Apgar scores were 7--9 and 9--10 at 1 and 5 min, respectively. No intrapartum death, neonatal death, or serious neonatal asphyxia was observed. The newborns were sent to the neonatal intensive care unit and were isolated from mothers. The results of RT-PCR for SARS-CoV-2 were negative in both the newborns and in the medical staffs.

Notably, the procedure of patients' transportation and preparation of the operating room are explained in detail in this report. Patients were transferred from the isolation ward to an isolated, negative pressure operating room by a negative pressure isolation transfer cabin. All medical staffs used biosafety level-3 protective medical equipment during surgery. The anesthesiologists wore a gown with a powered air-purifying respirator for patients who received general anesthesia and endotracheal intubation following a recommendation \[[@CR24]\], although there is no definitive evidence that powered air-purifying respirators reduce the likelihood of viral transmission in the setting of potential airborne spread. The authors concluded that the ideal timing of cesarean delivery is still crucial to ensure maternal and fetal safety, and recommend neuraxial anesthesia wherever possible, based on its reducing the possibility of exacerbating pulmonary complications accompanied with intubation.

Although the central nervous system lesions such as meningitis or cerebral hemorrhage have not been reported after spinal anesthesia for cesarean delivery in patients with COVID-19, postoperative neurological symptoms should be carefully observed because genome sequences were detected in the brain in autopsied samples from patients with SARS-CoV, previously pandemic in worldwide \[[@CR25]\] and encephalitis/meningitis was recently reported in a patient with COVID-19 \[[@CR26]\].

Zhong et al. \[[@CR27]\] also reported safely performed spinal anesthesia for cesarean delivery, with stable blood pressure, heart rate and oxygen saturation, in 45 women with radiologically confirmed COVID-19 requiring supplemental oxygen. Notably, of the 44 anesthesiologists who had direct contact with patients, the results of RT-PCR for SARS-CoV-2 were positive in 1 of 37 who wore level 3 personal protective equipment (PPE), and in 4 of 7 anesthesiologists who wore level 1 PPE, postoperatively.

Du et al. \[[@CR5]\] described the details of emergency cesarean delivery of a COVID-19-confirmed woman at the Affiliated Hospital of Xi'an Jiaotong University, with a review of previous publications of coronavirus-related cesarean delivery including Middle East Respiratory Syndromes. Despite a lack of findings in thoracic CT scan, remarkable leukocytosis as well as lymphopenia were noted preoperatively. Combined spinal and epidural anesthesia was safely performed. The mother and infant were discharged on the fifth postoperative day, after confirming negative RT-PCR for both. Facilities, equipment as well as anesthesia-related personnel to prevent infection have been described in detail.

Although few pediatric cases with COVID-19 are reported in relation to anesthesia, preparation of both the operating room and medical staffs is almost the same required for adult patients \[[@CR28], [@CR29]\]. Only one parent is allowed to accompany the child to the operating room for induction and should leave the room as soon as the child is asleep. Both the child and the parent are required to wear a surgical face mask prior to entering the operating room. Rapid sequence intubation to avoid bag-mask ventilation and closed breathing systems are recommended as in adults. Avoid forced-air warming blankets as they may aerosolize contaminants including viral product \[[@CR30]\].

Carrabba et al. \[[@CR31]\] reported cerebral shunt revision under general anesthesia in an 8-month-old male who presented with a dry cough. His chest XP was normal, but nasopharyngeal swab test was positive for SARS-CoV-2. Although he required repeated surgery for shunt dysfunction during 4 days, tracheal tube was removed promptly after each of the procedures and the neurosurgical course was favorable.

El Kassas et al. \[[@CR32]\] reported emergency endoscopic variceal band ligation in a COVID-19 patient presented with hematemesis during mechanical ventilation. A 59-year-old male was transferred to their hospital with a diagnosis of COVID-19 infection by RT-PCR. He was vitally stable upon admission with mild dyspnea and cough. Two days after starting treatment, he developed pulmonary edema and was admitted to the ICU. He required tracheal intubation and mechanical ventilation 12 days after admission to the ICU. Two days later hematemesis occurred. A medical team consisting of an endoscopist, anesthesiologist and nurse performed endoscopic band ligation at the patient's bedside in the ICU. Propofol bolus 80 mg, followed by continuous infusion of a total dose of 120 mg in 30 min was used. The patient was weaned from mechanical ventilation 2 days later.

In conclusion, postoperative 30-day mortality is high in male patients, ≥ 70 years, with ASA PS ≥ 3, malignant disease and after emergency surgery. Pregnant women with COVID-19 showed a similar pattern of clinical characteristics to non-pregnant adult patients. Neuraxial anesthesia is recommended for cesarean delivery if possible. When endotracheal intubation is indicated in emergency cases, use a rapid sequence induction to avoid cough and bag-mask ventilation.
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